ABSTRACT: Multidrug-resistant and extensively drug-resistant tuberculosis (TB) are associated with worse treatment outcomes for patients, including higher mortality, than for drug-sensitive tuberculosis. Delamanid (OPC-67683) is a novel anti-TB medication with demonstrated activity against multidrug-resistant disease.
M ultidrug-resistant tuberculosis (MDR-TB), or tuberculosis (TB) caused by strains of Mycobacterium tuberculosis (MTB) resistant to at least isoniazid and rifampicin, the two most effective bactericidal agents currently available for TB treatment, has emerged as a global public health emergency [1] . It requires treatment with combination therapy consisting of four to six medications including a fluoroquinolone and an injectable anti-TB agent, as well as bacteriostatic agents administered for up to 2 years [2] . Additionally, the treatment is generally more toxic and far more expensive than the standardised treatment regimen used to treat drug-susceptible TB [3, 4] . Moreover, the inability to use isoniazid and rifampicin for treatment results in a lower likelihood of patients achieving treatment success (bacteriologic cure and treatment completion) and higher mortality than for patients with drugsusceptible TB. In contrast to drug-susceptible TB patients, for whom o85% can readily achieve treatment success and generally ,5% die [1] , three large meta-analyses of MDR-TB treatment cohorts have shown favourable outcomes in the range of 54% to 67% while mortality ranges from 9% to 15% [5] [6] [7] . Further analyses have shown that if patients fail to achieve sputum culture conversion (SCC) from growth of MTB to no growth of MTB early in the course of MDR-TB treatment, they have a much higher likelihood of a poor outcome at the end of treatment, including death [8, 9] . Even in high resource settings such as the European Union (EU), surveillance data showed that treatment success averaged from 30-49% for 2007-2008 MDR-TB cohorts [10, 11] , although under reporting of treatment outcomes may have affected these results [12] .
Extensively drug-resistant (XDR)-TB, or MDR-TB that is also resistant to a fluoroquinolone and an injectable anti-TB agent, has emerged as a more severe form of the disease resulting in devastating consequences in some settings [13] . A recent meta-analysis of XDR-TB cohorts demonstrated treatment success in only 44% of patients, with mortality in the range of 14% to 27% [14] . In the presence of HIV co-infection, mortality can exceed 70% among XDR-TB patients despite appropriate treatment for HIV [15] . Hence, better treatment options are needed to curtail the global MDR-TB and XDR-TB epidemic.
Delamanid (OPC-67683) is a new agent derived from the nitrodihydro-imidazooxazole class of compounds and inhibits mycolic acid synthesis. It has demonstrated potent pre-clinical in vitro and in vivo activity against both drug-susceptible and drugresistant strains of MTB and robust early bactericidal activity in early clinical development [16, 17] . In a randomised, placebocontrolled trial in MDR-TB patients evaluating the efficacy of 2 months of treatment of two different doses (100 mg twice daily versus 200 mg twice daily) of delamanid in conjunction with a World Health Organization (WHO)-recommended optimised background treatment regimen (OBR) for MDR-TB, delamanid was shown to increase SCC by ,50% using mycobacteria growth indicator tubes (MGIT; Becton-Dickinson, Franklin Lakes, NJ, USA) and by .60% using solid culture media [18] .
Herein, we present the treatment outcomes at 24 months for patients with pulmonary MDR-and XDR-TB who enrolled in the original randomised controlled trial, some of whom then participated in an additional 6-month open-label trial with delamanid.
METHODS

Patients
This analysis examined the effects of delamanid in combination with OBR on final treatment outcomes for MDR-TB patients who were followed through the entire course of treatment up to 24 months. Initially, all patients enrolled in a 2-month treatment randomised controlled trial [18] with a subsequent subset of these patients enrolling in a 6-month, open-label treatment trial. Beyond the time of participation in either of these trials, key follow-up data on patient treatment and management through the remainder of the full treatment period was collected in an observational study. Both trials and the study were sponsored by Otsuka Pharmaceutical Development and Commercialization (Otsuka, Tokyo, Japan.) and were designed to fit within the WHO treatment paradigm for MDR-TB ( fig. 1) [19] . Parent Trial 242-07-204 (Trial 204) was a double-blind, randomised controlled trial evaluating delamanid 100 mg or 200 mg administered twice daily for 2 months in combination with OBR in patients with pulmonary, sputum culture-positive MDR-TB (ClinicalTrials.gov identifier NCT00685360) [18] . Trial 242-07-208 (Trial 208) was a noncontrolled, open-label extension of Trial 204 that evaluated delamanid 100 mg and/or 200 mg twice daily in combination with OBR for an additional 6 months in those patients who completed Trial 204 (ClinicalTrials.gov identifier NCT01424670). Study 242-10-116 (Study 116) was an observational study of patients who were randomised in Trial 204 (with or without participating in Trial 208), which captured all relevant data from the microbiological assessments and clinical monitoring of these patients until the end of their treatment or until 24 months after the date of randomisation in Trial 204, whichever came first.
Trial 242-07-204 and trial 242-07-208 Trial 204 was conducted between May 2008 and June 2010 at 17 study sites in nine countries. In total, 481 patients were randomised as a part of this trial. As previously reported, participating patients were randomised to 2 months of treatment with delamanid 100 mg twice daily plus OBR, delamanid 200 mg twice daily plus OBR, or placebo plus OBR [18] . Treatment in 
Optimised background treatment regimen
The OBR employed during the two interventional trials and the observational study that provide the data for this analysis was defined on a per patient basis, according to WHO guidelines [19] . In general, OBR consisted of four to six anti-TB agents administered over the course of 18 to 24 months. The intensive phase of this regimen lasted between 6 and 8 months and usually included an injectable anti-TB agent if a patient's disease was susceptible to it. Thereafter, treatment continued with a simplified continuation phase, which generally lasted an additional 12-18 months.
Analysis design
The objective of this analysis of the combined data from Trial 204, Trial 208 and Study 116 was to assess the final treatment outcomes for patients who were initially randomised in Trial 204 and who consented to participate in Study 116. The analysis population included patients who consented to participate in Study 116, had microbiological evidence of MDR-TB prior to or at entry into Trial 204 (baseline), and had culture data using solid bacteriological media (e.g. Lowenstein-Johnson or Ogawa medium) during participation in Study 116. Although the MGIT system is more sensitive than solid media for the detection of MTB, which enhances the capacity for diagnosis and determination of SCC early in the course of treatment [18] , solid media is generally used for monitoring sputum culture status during the longer course of treatment [20] . Therefore, solid media was used to determine sputum culture status. Patients who were deceased were included as a part of the analysis population. Missing culture results from the last study visit that were unknown or contaminated were imputed as a negative result only if it was preceded by two negative culture results obtained within 90 days before the date of the last visit.
Final treatment outcomes were determined by clinician's managing the patient's care. Final treatment outcomes were based on the patient's clinical status, including sputum culture status, at the end of treatment. Definitions for MDR-TB treatment outcomes were defined by WHO as follows [19] . 1) Cured: defined as a patient who completed treatment with at least five consecutive negative cultures during the last 12 months. 2) Treatment completed: defined as a patient who completed treatment but had less than five cultures performed during the last 12 months. 3) Died: defined as a patient who died for any reason while on treatment for MDR-TB. 4) Failed: defined as a patient who had two or more positive cultures among five collected during the final 12 months, or who had a positive culture among the final three sputum cultures collected from the patient as part of on-going monitoring. 5) Defaulted; defined as a patient whose treatment was interrupted for o2 consecutive months for any reason without medical approval. These outcomes were subsequently grouped as either favourable (patients who met the criteria for cured or treatment completed) or unfavourable (patients who failed, died or defaulted).
In accordance with the intention to follow all patients who participated in Trial 204 and to analyse all available data, no power calculations were required. The number and percentage of patients and the corresponding 95% confidence intervals (CIs) for each outcome were summarised by the duration of treatment with any dosing regimen of delamanid. This approach was supported by available pharmacokinetic data demonstrating that patients who had been dosed with either the delamanid 100 mg twice daily or 200 mg twice daily dosing regimen achieved delamanid plasma exposure (area under the curve 0-24 h) in excess of the threshold range for maximal bactericidal activity (3500-5500 h?ng?mL -1 ) (unpublished data). This finding is further supported by the similarity of results for the delamanid 100 mg twice daily and 200 mg twice daily groups for the primary efficacy end-point of SCC at 2 months using the more sensitive MGIT system in Trial 204 (45.4% and 41.9% SCC, respectively) [18] . Treatment groups were compared using the Cochran-Mantel-Haenszel test to determine p-values. Point and interval estimates of risk ratios (RRs) were also calculated for treatment comparisons. Statistical analyses were conducted using SAS (version 9.2; SAS Institute, Cary, NC, USA).
Ethical considerations
Trial 204, Trial 208 and Study 116 were performed in accordance with the Good Clinical Practice guidelines of the International Conference on Harmonisation [21] and adhered to the ethical principles of the Declaration of Helsinki [22] . Trial 204, Trial 208 and Study 116 received approval by independent ethics committees/institutional review boards at all participating sites. All patients provided written informed consent in their native language before enrolment. Consent for participation in Study 116 was obtained from next of kin for patients who were deceased, in accordance with local regulations.
RESULTS
Study population
Of the 481 patients who were randomised into Trial 204 (the intent-to-treat population), all 421 (87.5%) patients who consented to participate in Study 116 were included in the analysis population. Of these 421 patients, 225 (53.4%) were from Asia and 278 (66.0%) were male. The median age was 34 years (range 18-63 years). Only four patients were seropositive for HIV. 56 (13.3%) patients had confirmed XDR-TB, with the remainder of patients having MDR-TB. No significant differences in demographic or baseline characteristics were identified between the 481 patients from Trial 204 and 421 patients who were included in this analysis. Full demographics and baseline clinical characteristics can be found in table 1.
Outcomes for individual treatment groups
Of the 126 patients who received delamanid at any dose (i.e. 100 mg twice daily and/or 200 mg twice daily) for 8 months and the 66 patients who received delamanid at any dose for 6 months, 74.6% (94 out of 126 patients) and 74.2% (49 out of 66 patients) had favourable treatment outcomes, respectively.
Because of the similarity of favourable outcomes following treatment with delamanid at any dose for 8 or 6 months, the patients from these two treatment groups were combined into a single long-term treatment group (n5192) for subsequent analyses. The remaining 229 patients in the analysis population received up to 2 months of treatment with delamanid (n5156) at either dose (100 mg twice daily or 200 mg twice daily) or placebo (n573) as a part of Trial 204. Treatment with delamanid was previously shown in Trial 204 to improve SCC after 2 months [18] . However, as with rifampicin-based TB treatment regimens [23] , outcomes for patients who received a limited treatment course of only 2 months of delamanid during the full period of MDR-TB treatment did not differ from those of patients treated with OBR and placebo. Favourable outcomes were observed in 53.8% (84 out of 156 patients) who received delamanid at either dose for only 2 months and in 57.5% (42 out of 73 patients) who received no delamanid. Therefore, since the combination of OBR with delamanid for only 2 months yielded similar long-term treatment outcomes to the combination of OBR with placebo, patients from these two treatment groups were combined into a single short-term treatment group (n5229) for subsequent analyses. XDR-TB outcomes A higher proportion of favourable outcomes were also observed in the subset of XDR-TB patients after extended treatment with delamanid. Among these patients, 61.4% (95% CI 45.5-75.6%) experienced favourable outcomes (table 3) , while only 50.0% (95% CI 21.1-78.9%) of patients in the short-term treatment group had favourable outcomes (table 3) . As with MDR-TB more broadly, mortality for the subset of XDR-TB patients was reduced among those who received extended treatment with delamanid. No deaths occurred among these XDR-TB patients while three (25.0%) deaths occurred in the short-term treatment group; this difference was statistically significant (p,0.001).
Overall outcomes
DISCUSSION
This is the first reported analysis of treatment outcomes for MDR-and XDR-TB patients who were treated with delamanid, a new and novel anti-TB medication. This analysis demonstrates that a higher proportion of patients achieve favourable outcomes and have lower mortality when treated with delamanid for at least 6 months in combination with a WHO-recommended OBR. These results build on the previously reported positive findings that adding delamanid to OBR increases SCC among patients earlier in the course of MDR-TB treatment [18] , and are compelling when compared to published reports of MDR-TB treatment outcomes [5] [6] [7] . Even in selected cohorts of MDR-TB patients, with disease known to be susceptible to a fluoroquinolone and three or more injectable products, the proportion of patients experiencing favourable outcomes rarely exceeds 70% and mortality usually exceeds 15% [24] . Under programmatic conditions in high resource settings such as the EU, published studies report favourable outcomes ranging from 18.2% to 68.5% [12] . Similarly, reported mortality among MDR-TB cohorts far exceeds the 1.0% measured in this analysis [5] [6] [7] and has been shown to be higher among patients who fail to achieve SCC early in the course of treatment [9] . Likewise, in the subgroup of XDR-TB patients, a greater proportion achieved favourable outcomes and had lower mortality following long-term treatment with delamanid (o6 months). Notably, all 44 XDR-TB patients who had received delamanid for at least 6 months survived.
Therefore, our results have important implications for MDRand XDR-TB patients given the considerable improvements in morbidity and mortality that have been documented following treatment with delamanid for 6 months when added to an OBR. These results, combined with the improvements in earlier SCC previously documented from treatment with delamanid [18] , also have important implications for TB control by potentially leading to a reduction in transmission of MDR-and XDR-TB from patients who would be treated more effectively.
It is important to note that although patients were hospitalised throughout the Trial 204 treatment period, Trial 208 was conducted primarily as an outpatient trial following a brief initial period of required hospitalisation. Both Trial 204 and Trial 208 were conducted with patients being administered treatment as DOT. Trial 208, conducted largely as an outpatient trial, reflected more typical programmatic conditions in its delivery of treatment and care for MDR-TB.
As the inappropriate use of anti-TB drugs continues to be a major problem worldwide [25, 26] , the efficacy of delamanid, as demonstrated in the clinical trial setting, will need to be preserved by its rational use. Recent studies have demonstrated that even among European MDR-TB reference centres, misuse of TB drugs occurs in up to 20% of cases [27] . Furthermore, a recent meta-analysis demonstrated a strong correlation between the misuse of anti-TB drugs and drug resistance [28] . This further emphasises the need for assuring the rational use of novel TB and MDR-TB drugs [29, 30] . 
Conclusions
This analysis of 24 months of follow-up of MDR-and XDR-TB patients who were treated with delamanid in combination with a WHO-recommended OBR, demonstrated substantially improved treatment outcomes for those patients who received o6 months of delamanid, including a statistically significant reduction in mortality. Taken together with the positive results demonstrated in the previously reported randomised controlled trial, delamanid demonstrates great promise as a new therapy for the treatment of MDR-TB when used in conjunction with OBR. Another large randomised controlled trial examining 6 months of treatment with delamanid in combination with a background treatment regimen is enrolling patients with MDR-TB, and will include patients who have HIV co-infection and who are receiving anti-retroviral drugs (ClinicalTrials.gov identifier NCT01424670). While awaiting results from ongoing phase III trials and further clinical development of new anti-TB drugs, greater priority should be placed on ensuring rational use of anti-TB drugs more broadly, as doing so will contribute to the longevity of new and promising compounds such as delamanid.
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